Abstract-We propose a new generalized selection combining (GSC) scheme that selects Ñ diversity branches out of Ä ( Ñ) diversity branches based on the magnitude of log-likelihood ratio (LLR), which, for BPSK signals, is proportional to the product of the fading amplitude and the matched filter output. The proposed GSC is shown to provide a significant power gain over the conventional GSC which selects diversity branches based on signal-to-noise ratio. The proposed GSC scheme for Ñ ¿ is found to be only ¼ ¿ dB inferior to the maximal ratio combining scheme (Ñ Ä), when Ä , in a Rayleigh fading channel.
Introduction
Diversity combining is an efficient method to combat multipath fading because the combined signal-to-noise ratio (SNR) is increased compared with the SNR of each diversity branch. The optimum combiner is the maximal ratio combiner (MRC) [1] . But the receiver complexity for the MRC is directly proportional to the number of resolvable paths, Ä, which may vary with location as well as time. From implementation point of view, having the receiver complexity dependent on a characteristic of the physical channel is undesirable.
Generalized selection combining (GSC) scheme selects an arbitrary (fixed) number of diversity branches and combines them. The conventional way of selecting diversity branches is to select Ñ branches with the largest instantaneous SNR (or fading amplitude) [2]- [6] . We will call this -GSC.
In this paper, we propose a new GSC scheme that selects Ñ branches based on the magnitude of log-likelihood ratio (LLR), which, for binary phase shift keying (BPSK) signals, is proportional to the product of the fading amplitude and the matched filter output. We will call this Ö -GSC. The motivation of considering LLR in selecting diversity branches is that the hard decision based on the sign of LLR minimizes the error probability and the magnitude of LLR provides the reliability of the hard decision. We derive the BER for the case of Ñ ¾ and ¿ for a given Ä. In [7] , the BER of Ö -GSC for Ñ ½ (selection combining) is derived. We show that the proposed GSC provides a significant power gain over the -GSC.
This paper consists of five sections. In Section 2, we describe the system model. In Section 3, we propose a new GSC scheme and analyze the BER in a Rayleigh fading channel. In Section 4, numerical results are presented. Finally, conclusions are given in Section 5.
System Model
We consider BPSK signals with coherent detection in slow frequency-nonselective Rayleigh fading channels with additive white Gaussian noise (AWGN). We assume that there are Ä diversity branches available for combining. The received low-pass equivalent signal at the th diversity branch is
where is the fading amplitude at the th diversity branch, is the fading phase at the th diversity branch, Ü is Ô or Ô with a priori probability ½ ¾, and is the AWGN at the th diversity branch with a two-sided power spectral density of AE ¼ ¾. We assume that ¾ ½ . The received lowpass equivalent signal at the th diversity branch after phase
New Generalized Selection Combining
We now consider a new GSC scheme that selects Ñ diversity branches based on the magnitude of LLR. The LLR Ñ in the th diversity branch is 
Since Ö is proportional to the magnitude of LLR, i.e. the reliability of hard decision, we propose to select Ñ diversity branches with the largest Ö . The decision statistic for the proposed Ö -GSC, Ö Ë , is therefore 
Numerical Results
Figure 1 is a plot of the average BER versus AE ¼ for several GSC schemes in Rayleigh fading channels. We find that the proposed Ö -GSC outperforms -GSC. For Ä and Ñ ½, the proposed Ö -GSC provides a power gain of 2.8 dB over the -GSC. For Ä and Ñ ½, the proposed Ö -GSC provides a power gain of 4 dB over the -GSC. For Ä and Ñ ¿ , the proposed Ö -GSC provides a power gain of 1.5 dB over the -GSC. The proposed Ö -GSC for Ñ ¿ is only 0.3 dB inferior to the MRC (Ñ Ä). The power gain increases as Ä increases. In Table 1 , we compare the derived BER (11) in the Appendix with the simulated BER for Ä and Ñ ¿ . We can verify that the derived BER (11) is consistent with the simulated BER.
Conclusion
We proposed a new GSC scheme that selects Ñ diversity branches out of Ä ( Ñ) diversity branches based on the magnitude of LLR, which, for BPSK signals, is proportional to the product of the fading amplitude and the matched filter output.
We derived the BER for Ñ ¿ for a given Ä, and showed the BER for Ñ ¾ is identical to that for Ñ ½ . The proposed Ö -GSC is shown to provide a significant power gain over conventional GSC ( -GSC) which selects diversity branches based on instatanous SNR (or fading amplitude). The proposed Ö -GSC for Ñ ¿ is found to be only ¼ ¿ dB inferior to the MRC (Ñ Ä), when Ä . 
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